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ABSTRACT 


A differential equation attrition model is used to 
deterministically simulate an infantry squad frontally 
attacking a four-man defensive position. The simulation 


results are used to determine the optimum rush distance. 
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SUMMARY 


ivemrush distance am infantry Squad uses in the frontal 
maetack Could be critical. If the rush distance is too short, 
it may take the attackers too long to close with the defenders. 
If the rush distance is too long, the attackers could possibly 
receive heavier casualties because they will be exposed to the 
defenders' fire for a longer time while rushing the longer rush 
aeeoe ances. 

Mimsmstidy Sought the optimal rush distance by first modi- 
fying a differential equation attrition model which had been 
developed by Donald E. Christy in 1969. The modified model 
was then used in a deterministic computer simulation of a 
frontal attack involving a twelve-man infantry squad against 
a four-man defensive position. Several engagements were simu- 
lated with the varying parameters being rush distance, attack- 
ing squad organization and opening range. 

The results of the simulations indicated a direct relation- 
Ship between optimal rush distance and range. At ranges greater 
than 175 meters the numerical superiority of the attackers did 
eet outweigh the more accurate fire of the defenders. However, 
@ueeraneges less than 175 meters the accuracy of the attackers' 

Mere Was much closer to the accuracy of the defenders’ fire 

and the attackers could take advantage of their superior numbers 
fo inflict damage upon the defenders. This suggests that, at 
greater ranges the attackers should try to get closer to the 
defenders as quickly as possible, using longer rush distances 
(10-40 meters). At closer ranges the attackers should perform 
Detter with shorter rush distances (5-10 meters) to reduce 


m@eir casualties. 
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ieee NV ERODUC TION 


ine problem addressed in this paper is that of searching 
imeeme Optimal rush distance for a small infantry force that 
/memusina fire and movement tactics in the frontal attack. 
The size of the force considered is twelve combatants, each 
armed with a semi-automatic rifle. This 1s approximately the 
Size of a squad in most infantry organizations. The size of 
the defense force considered is four combatants, each armed 
feenea Semi-automatic rifle. The frontal attack is probably 
the form of maneuver most frequently used by infantry squads. |?! 

Mies ttre and movement tactic in the frontal attack has the 
entire attacking force closing frontally with the defenders. 
A designated portion of the attacking force rushes forward a 
Sore ciStance while the rest of the attackers fire at the 
defenders. The rushing attackers then take cover and fire at 
the defenders while another designated portion of the attack- 
imemecorce rushes forward. (In this paper those designated 
foeeeoms OF the attacking force will be referred to as rush 
teams.) In such a manner the entire attacking force moves 
meeward tO an assault position. The distance covered during 
Memeeeeecne rushes is called the rush distance. The assault 
eeeeron 1S normally just out of hand grenade range of the 


defenders' position, about 50 meters. It is a position where 


ee 
ie w/ 


the entire attacking force can come on line and move forward 


Gea Single unit, non-stop, in an effort to overrun the 





defender's position. Long rush distances maintain the momen- 
Pmmeoc tiesattack and total time duration of the attack is 
meme@cively short. However, the attackers are comp leweily 
Peeeosead to the defenders' fire for long periods of time while 
meine. onort rush distances expose the attackers for a 
shorter period of time for each rush but slow down the attack. 
Total time exposed to fire is the same, regardless of rush 

sea bance. 

Rush distance depends in a large part on the terrain and 
Mitemitbaining the attackers have received. Other factors which 
influence rush distance include the physical condition of the 
attackers, the weight of the equipment they are carrying, and 
m@emiature of the weapons against which they are engaged. 
Nevertheless, topeamieaniGecraimine ane often the overriding 
factors. When a combatant receives the command to rush 
Geivard, he searches the terrain to his front for a position 
Wiech Offers both cover from the enemy's fire and concealment 
ieemmecne enemy's observation. If his training has stressed 
that the rush distance should be about 20 meters, he will 
puopably look for a position approximately 20 meters to his 
meatier it there 1S a covered and concealed position in that 
feeeeeaty, that is where he will probably go, even if there 
are Similar positions located 10 meters to his front and 
Semmeters to his front. 

farain encountered in ground combat may never present 
good positions consistently at the designated rush distances 
Due "trained" attackers should seek positions in that general 


gee and will attack using rush distances as close to that 





value as the terrain will allow. Therefore, a good reason 
for seeking the most effective rush distance is to improve 
the performance of small cry Uibees in witchemay be their 
most frequently used maneuver. 

iiersoonePomald EB. Christy, then a Captain in the United 
States Marine Corps, while studying certain tactics of infan- 
try small units in the frontal attack, developed a differen- 
tial equation attrition model for homogeneous forces which 
was an adaptation of Lanchester's Square Law, 14] The study 
in this paper approached the problem of optimal rush distance 
mapemrst modifying Christy's attrition model, then using the 
modified model in a computer simulation of ground combat and 
analyzing the results. 

Chapter II] describes Christy's attrition model, his con- 
Boeeen simulations and the results from those simulations. 
Chapter [iI describes the modifications made to Christy's 
model. Chapter IV describes the computer simulation used in 
this study and Chapter V presents the results of the simulated 
engagements. Conclusions drawn from those engagements and 
Beeommendations for further study are found in Chapter VI. 
The appendix contains a more detailed description of the 


single-shot kill probability function developed in this study. 





Pieters loa TRE T LON MODEL 


meeyvas Noted im the introduction, Donald E. Christy, in 
1969, developed a differential equation attrition model for 
memogeneous forces. He did this by adapting Lanchester's 
Square Law to better reflect the dynamics of ground combat 
in fire and movement. In this chapter we will examine the 
basic structure of Christy's model, the scenario he used and 


miewresuits of his computer simulation. 


Pee MODEL STRUCTURE 


Sees, S attrition model consists of a set of differen- 
tial equations which express the sizes of the opposing forces 
as decreasing functions of time, implying continuous attrition 
without replacement. Let A(t) and D(t), respectively, be the 
Size of the attacking force and the size of the defending 
force at time t, where t = 0 represents the beginning of the 
engagement. Let P, and ¥\ , respectively, be the single-shot 
Memeo robapility and rate of fire for an individual attacker. 
Let Py and Tp be similarly defined for the defenders. The 
Peememiet Of Kill probability and rate of fire is the rate at 
feeemean individual combatant attrits the opposing force. 
Wome enhis notation, the two simultaneous differential 
equations of Brackney's version of Lanchester's Square Law 


Can be expressed in the following form: 191 


LO 
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and 


é DGS. P A(t). 
cat 


wt = - TA aa 

This model thus describes the opposing force sizes as 
M@ereasing functions of time. Reinforcements are not con- 
Sidered because the engagements investigated were of such 
short duration so as to preclude their use. The rate at 
which a force is attrited at any time t depends upon the 
Seezenos the opposing force at that time and the ability of 
each element of the opposing force to inflict casualties. 
The theory of differential equations allows one to use these 
equations to determine the number of survivors in each force 
migeaiy time t. 

iiere, are two aspects of ground combat which are not 
Sememaered in Brackney's equations. The first is that the 
intensity of the engagement tends to increase as the attack- 
Emeeeerose with the defenders. The second is that some of 
the combatants are not firing their weapons at any given 
time during the engagement. Christy addressed this short- 
Some by treating both kill probability and rate of fire as 
functions of force separation and considering suppression 
effects. 

Bemee the closer a combatant is to the target the better 
Mmmmeoecnance of hitting it, Christy's kill probability was 
a decreasing function of range, or distance between the 
Opposing forces. Since in a frontal attack the range decrea- 
emaos time increases (if retreats are not considered), kiil 


Ie 





Puoeaptlity cam be expressed as an increasing function of 
time. As the attackers move closer to the defenders, the 
meeuracy Of fire on both sides increases. Christy did not 
Pee poth forces the same kill probability function. His 
meme GEOdability functions reflect the facts that the de- 
fenders will probably present a more difficult target to 

the attackers than the attackers present to the defenders, 
mimemecmat the attackers present different target characteris- 
mi@emctO the derenders when they are rushing than they do 
when they are not. 

Mee Gates Of fire in Christy's model can also be expressed 
PemeemercasSing functions of time. The attackers had a single 
meeewor fire function and the defenders had two rate of fire 
mereeetons>, ihe defenders had a rate of fire function for 
memo at those attackers who were actually rushing forward 
palgeecesecond function which gave higher rates for firing at 
Mieeemactackers who were not rushing. Both of the defenders' 
meeemot £i1re functions approached the same limiting value as 
meme ackers approached the offenders’ position. In Christy's 
model, then, as time advances and the attackers move closer 
mumpemomaetenders' position, the intensity of the engagement 
Eie@reases in that both sides are firing more accurately and 
momen rapidly. 

Christy's model included consideration of suppression 
efrects since some combatants do not fire their weapons all 
Smeme time due to reloading of weapons, confusion, fatigue 
meme ar. Christy also assumed that if a combatant is not 
firing his weapon, he is not exposing himself to the enemy's 


ae | 
ie 





Before we can examine a general form of Christy's 


attrition model some additional notationsmust be defined. 


Let, 

A, (t) = number of attackers rushing, 

A,(t) = number of attackers not rushing, 

D(t) = number of defenders, 

D, (t) = number of defenders firing at rushing attackers, 

Te eemiempen Of defenders firing at nonfrushing 
o attackers 

r.(t) = rate of fire for an element of force x, 

P(t) =Sianete=shot kill probability for an element 
, Oe  FOrce. x 

and 
S(t) = suppression factor (a number between zero and 


one). 


Beene this notation a general form of Christy's model is 
as follows: 
litem ttenheronm crate for rushing attackers is 


dA, (t) 


= “eps 2 (t) s(t) D,(t) 


and the attrition rate for non-rushing attackers is 


dA,(t) 


> ms ae sie) Dalal: 


For defenders the attrition rate 1s 


al LD e)) ae a ice) an Coy esiGe A) Gr). 
ck ine a2 2 a 


Memes that in this portrayal the defenders are not attrited 


by the rushing attackers, only by those attackers who are not 


ies 





fushing. in Christy's model the attackers do not fire while 


rushing. 


Peer ioiy'S SCENARIO 


In the scenario used in Christy's study, both sides were 
armed with the M14 rifle and fired it semi-automatically. 

The attackers carried 300 rounds of ammunition per man 
whereas the defenders were given an unlimited ammunition 
supply. The range at the outset of the engagement was 

600 meters. The terrain presented no obstacles to the 
attackers and offered them uniform cover from the defenders’ 
fire and concealment from the defenders' observation. 

Geaesty wrote a deterministic computer Simulation which 
used his attrition model. He simulated several engagements 
and in each engagement a constant rush distance was used 
freemewas 5, 10, 20, 30 or 40 meters. Christy also varied 
@etensive fire distribution, attacking force size, and number 
Mametem Units. The percentage of the defensive force which 
fired at those attackers who were rushing was 90%, 50% or 
10% in any given engagement. The defensive force started 
with four combatants in every engagement while the attackers 
started with either 12 or 24 combatants. In any given engage- 
teeeetne fumber of rush units was 2, 3 or 5. Thus, by varying 
five rush distances, three defensive fire distributions, two 
attacking force sizes and three rush unit sizes, Christy 


Simulated a totla)of 90 different engagements. 


14 





The measure of effectiveness Christy used was victory or 
@ereat. Victory went to that side which had the larger force 
Size when the attackers had closed the range to 50 meters. 

In those cases where one of the forces had been annihilated 
before the 50 meter range had been attained, victory went to 


meemrorce which still had survivors. 


Memento lY'S RESULTS 


iitemcesuirs Of Christy's simulations are quite interesting. 
immer Out Of the 90 simulated engagements one or the other 
Of the two forces was annihilated before the 50 meter range 
Mieeeatcained. The simulated engagements indicated that using 
five xyush teams was relatively ineffective for the attackers. 
The coordination and movement required for an attack with 
meeeerisi teams took too much time. There did not appear 
Mmeme@emaly Sienificant difference between using two or three 
rush teams. The defenders fared better when they directed 
Pupeeeeer percentage of their fire towards the rushing 
werackers. 

Mimersty'’s Simulated engagements also indicated that rush 
feeeamecs Of 30 or 40 meters were more effective than smaller 
distances. Christy speculated that this result was due to 
the long distance traversed by the attackers (550 meters). 

He also suggested making the rush distance a function of 
time. That is, the rush distances would become shorter as 


the attackers moved closer to the defenders' position. 


re 





III. THE MODIFIED ATTRITION MODEL 


The attrition model used in this study has the same general 
form as Christy's model, which was described in the previous 
Chapter. However, the kill probability functions, the rate of 
fire functions, and the suppression functions are not the same 
ones used by Christy. In this study single-shot kill probability 
is defined to be the product of aiming point probability and 
target probability. These two probabilities are defined and 
explained in this chapter. This chapter also includes a de- 
mememeron Of the rate of fire functions and the suppression 


functions developed for this study. 


EeeeeeeiNG POINT PROBABILITY 


The development of the single-shot kill probability function 
used in this study begins with the assumption that a combatant 
femeeecarely encounter a visible, stationary target due to the 
mremenmat his enemy 1S usually either concealed or in motion. 
Nevertheless, it is asserted that more than likely a combatant 
Will aim his weapon at a point where he thinks the enemy is 
located. If his enemy is running, it is asserted that a 
combatant will aim his weapon at a point where he thinks the 
eiemyewlil be by the time a round gets there. Such a point, 
which will be referred to as an aiming point, can be anything 
meemea DUSH or clump of grass to a spot on the ground. It will 


very seldom be a stationary, visible enemy combatant. An 
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example of a good aiming point would be a bush which an enemy 
combatant is hiding behind or a tree which an enemy combatant 
femebe run in front of at the same time a round arrives there. 
Pf we visualize a silhouette target centered at a good aiming 
point, it can be assumed that if a combatant places a round 
close enough to that aiming point to hit the silhouette, he 
feeeeeenit the enemy combatant. Thus, the probability that a 
combatant hits an opponent is the product of the probability 
that he places a round close enough to a good aiming point 
given that he has selected a good aiming point and the proba- 
Memeery that he selects a good aiming point. 

When defending against fire and movement in the frontal 
attack, a defender is normally able to see the attackers when 
they are running but has to select an aiming point ahead of 
aueeecoeacker and "lead" that attacker as he is running. When 
Miemaererackers are not running, they normally conceal themselves. 
In that case a defender may not know their exact positions but 
Weepeeeiave a good idea of their approximate positions by the 
sound of the attackers' fire and by having observed where they 
took Cover after running their latest rush distance. 

Since defenders can be expected in most situations to take 
camouflage and concealment measures, an attacker may not see 
a defender until he is within 50 meters of the defenders' 
Meeeerron. Until then the attacker has estimated the defenders' 
POSition by the sound of the defenders' firing, an occasional 
fee tlash, the attacker's ability to evaluate the terrain 
for likely defensive positions, or a combination of these and 


Semen tactors, including military intelligence. 


ay 





iimpotnkeGases, tne ability to select a good aiming point 
should become better as range decreases. Also, it should be 
easier to select a good aiming point if the opposing force 
is relatively large than it would be if the opposing force 
were smaller since there would D4 more good aiming points 
Peeerable with a larger opposing force. Thus aiming point 
meopability, the probability that-a good aiming point is 
selected, can be expressed as a function of range and size 


of the opposing force, varying inversely with range and 


directly with the size of the opposing force. 


Peet ARGET PROBABILITY 


It has been stated that a combatant's kill probability is 
the probability that he hits what he is shooting at, given he 
mmo eting at the right thing, multiplied by the probability 
that he is shooting at the right thing. We have discussed the 
peewagility that he is shooting at the right thing, or aiming 
Peem@esorobDability. Now let us turn our attention to the 
Mmeeapility that, given a good alming point, a combatant 
meaeesea round close enough to that aiming point to hit an 
PeemeeecomDatant. This probability will be referred to as 
meet probability. 

Target probability is taken from rifle range data for a 
target of certain size, a combatant with a certain level of 
Marksmanship ability with a certain rifle, firing from a certain 
firing position at a range of so many meters; the probability 


that the target is hit is well tabulated. Assuming a uniform 
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level of marksmanship skill, target probability is a function 
of target size, range and firing position. 

Since only infantry engagements are being considered here, 
7t 1S reasonable to assume that a hit 1s equivalent to a kill. 
Therefore, a combatant's single-shot kill probability at any 
given time t is equal to his aiming point probability at time t 
meeerpliied by his target probability at time t. The exact 
form of the single-shot kill probability function as well as 
function values in certain situations can be found in the 


appendix. 


fees RATE OF FIRE FUNCTIONS 


iterate Of fire functions are used, one for the attackers 
and one for the defenders. Both are functions of time. The 
@emelders rate of fire is expressed as a linearly increasing 
eerom OL time, Since normal policy for defensive forces is 
tO increase the rate of fire as the attackers move closer. '"! 
NO distinction will be made in the defenders' rate of fire 
fmuememon fOr firing at rushing or non-rushing attackers. 

Attackers, however, normally should not move forward in 
the attack until they have gained fire superiority. !4] ‘Aa eae 
Paipeestudy detines fire superiority as “attaining a greater 
magnitude of target effects." !>! [Tt isn't enough that the 
attackers fire more rounds than the enemy; the rounds they fire 
must be effective rounds. Effective rounds are rounds which 
either hit an enemy combatant or are placed close enough to 


Nave a suppressive effect on him. We know from an earlier 


iS 





Mmecussion that every round fired is not an effective round, 
M~emeto tne tirer either not being able to see the enemy or 
meme tO hit a rapidly moving enemy. However, it 1S asserted 
that if a combatant has chosen good aiming point as defined 
earlier, the rounds he fires will be effective rounds. Thus, 
Momeperational definition of "magnitude of target effects" 
Meemenosen to be the product of rate of fire and aiming point 
Pebabliity, expressed in terms of effective rounds per minute. 
As was stated earlier, the attackers should not move forward 
Moe they have gained fire superiority. In order to gain fire 
apem@rOority, the attackers must fire at a rate which will attain 
Memetter Magnitude of target effects than the defenders. Since 
maemoctenders' magnitude of target effects 1s a function of time, 


SO 1s the attackers' rate of fire. 


Peele SUPPRESSION FUNCTION 


Semmvennoted Carlier, at any given time during the engagement 
a proportion of the combatants will not be firing their weapons 
because of fatigue, confusion, fear and other suppression 
factors. It is important to note that, while they are not 
firing their weapons, they are not inflicting any damage upon 
Biemmeopponents and they are not incurring any damage from their 
Opponents since it was assumed that a combatant who is neither 
meme nor firing 1S not exposed to fire. Therefore, at any 
menemauring the engagement, the ability of the attackers to 
mamemteine defenders is reduced by the proportion of the 


meeeekers who are not firing. It is also reduced by the 


ao 





PEowOrtion Of defenders who are not firing since those defenders 
are not exposed to the attackers' fire. The same could be said 
for the ability of the defenders to attrit the attackers. 
Iimtiethis Study the proportion of combatants not firing their 
weapons (and thereby not exposed to fire) is taken to be a 
constant for both sides except for when an attacking rush team 
1s rushing. When this happens the entire rush team is exposed 
to the fire of those defenders who are firing and the rest of 
the attackers have a higher proportion of firing combatants 
due to the added incentive of providing covering fire for their 
Beeaeby exposed comrades. Thus the suppression function used 
is a function of time and gave, at any time t, the product of 
BeemprOpOrtion of firing defenders and the proportion of firing 


attackers. 
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we (nee SIMULA T LON 


This chapter sets the stage by describing the scenario 
used in this study, the measure of effectiveness, and the 
computer program which simulated several engagements in that 
scenario by using the attrition model described in the previous 
chapter. Since we are already familiar with the scenario used 
by Christy, the scenario used in this study will be described 


Seeeemiting Out where it differs from Christy's scenario. 


Peete SCENARIO 


The major departure made in this scenario from Christy's 
scenario was range. The opening range in each of Christy's 
Simulated engagements was 600 meters. Such a range may be 
Eoombanrce fOr engagements of the type modelled. !1! Much 
smaller ranges appear to be more appropriate. |°! invenrs 
Study opening ranges were varied among engagements and ranges 
of 250, 200, 150 and 100 meters were used. Both defenders 
and attackers were armed with the M16 Al rifle, fired semi- 
automatically. All combatants were given an unlimited supply 
of ammunition and the computer simulation kept track of ex- 
pended ammunition. 

The initial defender force size was always four and the 
initial attacker force size was always twelve. The attackers 
@ememorcganized into three rush teams of four combatants each 


Seeeewo rush teams of Six combatants each. This was done as an 
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/mmreeresting sidelight to explore, inasmuch as U.S. Army infan- 
try squads are organized into two rush teams whereas U.S. 
Marine Corps infantry squads are organized into three rush 
mrm>. Detensive fire was distributed uniformly over the 
Smerte attacking force, both rushing and non-rushing. 

This study used the same constant rush distances that 
Christy used; 5, 10, 20, 30 and 40 meters. The parameter 
values for the times used to rush these distances were, 
Mmereeivoly, 1.38, 2.8, 4.60, 6.0 and 7.7 seconds. The coordi- 
nation time used by the attackers between rushes was ten 
seconds. These time values were taken from Christy's study. 14! 

fParues used in determining single-shot kill probabilities 
can be found in the appendix. The constant proportion of 
Sommmeaits who were not firing due to suppression was taken 
to be 0.5 for toth sides. When an attacking rush team was 
Beem, the proportion of non-firing combatants for the rest 
of the attackers was taken to be 0.25. When a rush team was 
mweemo, Tire superiority was considered achieved by the rest 
Seememe attackers when they had a magnitude of target effects 
Seevo citective rounds per minute greater than the defenders’ 
jeememende of target effects. When there were no teams rushing, 
the attackers only needed an edge of one effective round per 


memes tO achieve fire superiority. 


Pee ienoURE OF EFFECTIVENESS 


The measure of effectiveness used was victory or defeat. 


Mitematctackers would be victorious if they reached the 50 meter 
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mark with a force size greater than the defenders or if 
m@eve annihilated the defenders. Any other outcome would 
meowlt im victory for the defenders. An attacker victory 
was considered more effective than another attacker victory 
if it resulted in a larger attacker force size at the end 


memeene engagement. 


fee tHE PROGRAM 


mew eont-step, deterministic computer simulation program 
was written which had two events, a rush event and a coordina- 
Guoneevyent. A rush event consisted of one rush team rushing 
Smemeush distance. A coordination event was the time between 
Successive rushes. Figure 1 shows a flowchart of the simula- 


tion program. 


ATTACKER COORDINATING TIME | 
1 
| 








UPDATE eeeOCK > FORCE sSiZes, 
RANGE AND AMMUNITION EXPENDITURE. 
Ew eieR FORGE ShZE = 0, STOP. 





OVE Rust) TaaM RUSHES 
ONES RUSH Bist ANGE 


| 


Ame enocCwe FORCE SIZES, RANGE 


AND AMMUNITION EXPENDITURE. IF 
Povierormemr ol, hi 0, STOPS TE 
Pb eA wero SARE Al RANGE OF 
SOE, oO re 


el 


meee. «Simulation Flow Chart for an Infantry Squad in the 
meeack Using Fire and Movement. 
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Vee couULTS 


There were two sets of results in this study. The first 
set of results was from the initial simulated engagements, 
which used constant rush distances. Since these results 
mmeeested that variable rush distances may be more effective, 
additional engagements with variable rush distances were 


Simulated. 


See oULIS WITH CONSTANT RUSH DISTANCES 


In the initial computer simulations the attacking squad 
Meeemoreanized into either two or three rush teams. The open- 
miemmange was either 250, 200, 150 or 100 meters. The rush 
distance (constant throughout any single engagement) was 
either 40, 30, 20, 10 or S meters. Thus, 40 engagements 
were initially simulated. In each engagement the attackers 
were victorious, that 1s, in each engagement the defenders 
Meeemaniihilated before the attackers had advanced to a range 
Seeoeemeters. Table I displays the constant rush distance 
Zeewiecs in numbers of surviving attackers. 

One thing immediately apparent from the results shown in 
Table I is that the closer the attackers can come to the 
defenders before starting the attack, the better off they are. 
There does not appear to be any correlation between rush 
distance effectiveness and whether two or three rush teams were 


used. However, it does appear that at greater ranges long rush 


Go 






ABE EB | 


CONSTANT RUSH DISTANCE SIMULATION RESULTS 
IN TERMS OF SURVIVING ATTACKERS 


(Sune vaya Sui vine 
(meters) (meters) Attackers) Attackers) 
Rush Distance Opening Range Three Rush Teams Two Rush Teams 


5 250 4.86 9.08 
10 290 9.43 Soe 
2) Zo) 5700 5.84 
Su 763510, O05 9.94 
40 ZN) pele See 

2 200 D0 t 6.66 
10 200 6) afoul oF le) di 
20 200 Doo Oo) 
30 200 6.80 oe OS 
40 200 Onn 6.64 

5 i) Brae) i. Ge 
10 150 [OS Dele 
20 £0 era, Dao? 
30 io) es 6.84 
40 ples 0) WeAUeS) 7.04 

5 100 7.64 (Cae 
10 100 G220,2 7 eo 
20 100 Teo eee 
50 100 (ae pa 
40 100 7.54 i oales: 





distances were more effective for both two and three rush team 
Squads whereas at lesser ranges short rush distances were more 
effective. This suggests that perhaps rush distances which 


meavedirectly with range would yield better results. 


B. VARIABLE RUSH DISTANCES 


It was decided to simulate engagements in which variable 
rush distances were used. Two methods for varying rush 
iestance were derived from the initial results; an exponential 
method and a linear method. 

The exponential method was derived by examining the most 
effective rush distance for various opening ranges. Table [I, 
which was derived from Table I, shows the most effective (in 
Bemms Or SUrViving attackers) rush distance for a given 
eeemmme range. Applying curve fitting techniques to the data 
mimiaale If suggested an exponential relationship between 


Spening range and rush distance of the form: 


Memem. iS rush distance, x iS opening range and b and m are 


Bom@erants. Attempts to fit such a curve to the data in 


I 


Table II yeilded b ieelnancen — Ue0l2 for two rush teams 


and bB = 0.82 and m 0.015 for three rush teams. 
Mmimetae Variable rush distance simulations, rush distance 
was taken to be a function of whatever the range was at the 


Start of a particular rush event instead of opening range. 


Thus, rush distance decreased as range decreased. Also, the 
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TAB bE «lt 


MOST EFFECTIVE CONSTANT RUSH DISTANCE 
FOR A GIVEN OPENING RANGE 


Rush Distance 


Opening Range Three Rush Teams Two Rush Teams 
neo meters 40 meters 30 meters 
Ave meters 20 meters 10 meters 
150 meters 10 meters 2 meters 
mou me ters 5 UNS Sie © Sne-cors 


variable rush distance simulations only considered rush 
distances between 5 and 40 meters. 

By averaging the constant values from the curves which 
were fitted to the data in Table II, mean constant values 
memoe— 0.97 and m = 0.14 were obtained. These were used in 
e@emyartable rush distance simulations for both the two-rush 
Meameand the three-rush team case. Figure 2 shows the graph 
of the exponential rush distance formula which was used. 

The linear method of varying rush distance was derived 
by examining, for each 50 meter range interval in the initial 
Simulations, the most effective rush distance in terms of 
fewest attackers killed in that 50 meter interval. This was 
done by re-simulating the initial engagements after revising 
the program to extract the needed data. Table III presents 


these results. 





y Rush Distance (Meters) 





Range “me ters 


Do wwe Wi stance as a Constrained 
Exponential Functicn of Range 





TAREE Lit 


MOST EFFECTIVE CONSTANT RUSH DISTANCE 
FOR A GIVEN RANGE INCREMENT 


Range Increment Rush Distance 
From To Three Rush Teams Two Rush Teams 
fv emeters 200 meters 40 meters 40 meters 
aog) meters LO) MiSs igs 40 meters Fine ters 
mioemeters DUO mine te ts 40 meters Sine cers 
mvGeme ters 2255 5 meters 5 meters 


An attempt was made to fit both exponential and linear 
mies to the data in Table III. Linear curves gave the best 
fit as measured by the sum of the squared residuals. Express- 
ing rush distance as a linear functionof the range at the 
Start of a 50 meter increment, a slope of 0.21 and an intercept 
eee titted the two-rush team data whereas a slope of 0.23 
and an intercept of -11.5 fitted the three-rush team data. 
momeectmie Variable rush distance simulations a slope of 0.22 and 
an intercept of -8.5 was used for both two and three rush 
teams and rush distance was taken to be a function of the 
range at the start of a rush event. Figure 3 represents the 


graph of the linear function which was used. 
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y Rush Distance (meters) 





0-——————_ $$ ___ _________ Range 
SG EDO eo 200 250 x (meters) 
Plows. SRUsm Distance 42S a Constrainedealtnear 
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Meee RESULTS WITH VARIABLE RUSH DISTANCES 


Sixteen additional engagements were simulated using varia- 
ble rush distances. As before, attacker organizations of two 
rush teams or three rush teams were used, as well as opening 
jmomees of 250, 200, 150 or 100 meters. Rush distance was 
either a linear function or an exponential function of range. 
The results are presented in Table IV. The best results which 
had been obtained using constant rush distances are presented 
Mmmeiaple VY. the results in Table IV seem to compare favorably 
feecethe results in Table V. 

Results in Table IV suggest, as did the values in Table I, 
Mmieemsnorter opening ranges favor the attacker. Also, rush 
Pieeances which are exponential functions of range seem to be 


fommemeetective than rush distances which are linear functions 


on ance . 
Waele, GM 
Power RUSH  DLSTANCE SIMULATION RESULTS 
fetes Ore oURVIVING ATTACKERS 
mineodh  vakt acon Bpge Ole myctha lan viadelecue LOT 
Opening Vip bee Two Three Two 
Range Rush Teams Rush Teams Rush Teams Rush Teams 
(me ters) (eeaekine survivors) (aGedecim: Sunvavors ) 
210) O15 6.00 5.99 5.99 
200 A Opell Ope) 6.66 
1510 Joe eye! eS FS 
100 i pare aS (205 wars 
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TABLE V 


Brot CONSTANT RUSH DISTANCE SIMULATION RESULTS 
IN TERMS OF SURVIVING ATTACKERS 


Opening Rush Rush 
Range fe SU LV VOT S Distance ie OUGeLVOLS Distance 
250 Ores 5.94 30 
2108 Ooo rAY oa oF 10 
150 TAS 10 iS 5 
100 7.64 5 ase 5 
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VI. CONCLUSIONS AND SUGGESTIONS 


iimis study Ofters two conclusions from the results pre- 
sented in the previous chapter. In this chapter those con- 
meistmons and a possible explanation for them is presented, 


as well as suggestions for further study. 


A. CONCLUSIONS 


jmesttrst of the two conclusions offered by this study 
Hs that the attackers should get as close as possible to the 
Mememaers before beginning the1tr attack. The second conclu- 
weemeis that, for the scenario considered, rush distances of 
from five to ten meters should be used at ranges less than 
ieomeme ters, whereas rush distances of from 10 to 35 meters 
sao@uld be used at ranges greater than 175 meters. These 
meemeeme Values given by the exponential rush distance formula 
eemercd in Figure 2, but it must be stressed that these are, 
at best, rough guidelines. 

Peuiaps an explanation for these conclusions can be given 
by an examination of Figure 4, which depicts single-shot kill 
Peemaoetlity as a function of range. Data points are not 
Shown because they are not needed. It should be safe to assume 
that the defenders’ single-shot kill probability is always 
Meermeer than the attackers’ single-shot kill probability and 
that both probabilities approach the same limiting value of 


one as the range approaches zero. Thus, at greater ranges the 
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eevoedeximce beree Kill Probability 


D - Defending Force Kill Probability 
imoe(single-Shot Kill Probability) 





Poe —  sthore snot Kllt Probability 
As a Function of Range 
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defenders have a distinct advantage in single-shot kill 
mardemluty elt 15 In the best interests of the attackers 

to reduce the ranee aS quickly as they can because a reduction 
in range means a reduction in the single-shot kill probability 
advantage the defenders have. The attackers should reduce the 
mamee by Moving as close as possible to the defenders before 
beginning the attack and by using long rush distances at 
ereater ranges after the attack has begun. At lesser ranges 
Bieesingle-shot kill probability of the attackers 1s close 
enough to the defenders' single-shot kill probability that 

the attackers should have the advantage due to their superiority 
in numbers. Moreover, at shorter ranges the single-shot kill 
probability of both forces could become so high that exposure 
Homer re during a rush would certainly be fatal if the rush 


were too long, hence short rush distances. 


Pee oUGGESTIONS 


Perhaps these results or something similar could be 
Semesocc When training infantry units, but certainly not 


Tamemeut iurther investigation into this area, to include 











field exercises. Pe WOW Do nba res Tima” LO uctend Sheu 
model to consider automatic weapons and to use a stationary 
Beoenwor tire for the attackers. Another interesting study 
would be looking into the relative efficiency between using 
Beemer tree rush teams son the infantry squad in the frontal 


eheeack . 
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8 Teele) NIBIEAS 
SINGLE-SHOT KILL PROBABILITY 


itecmaogpeniaix Sives a more detailed description of the 
Pemee- shot kill probability function used in this study as 


Memeeeas Kiil probability values at certain ranges. 


BASIC ASSUMPTIONS 

@onsider a single combatant firing a single shot at a 
Single opponent. The combatant will rarely encounter a visible 
mememonary Opponent. His opponent will either be running or 
camouflaged and concealed. The combatant will nevertheless 
select an aiming point where he surmises his enemy is located 
(or will be located, in the case of moving opponents). Let 
the Universe set U be the set of outcomes when a combatant 
fires a shot at an opponent. The result is the situation 


femmered in Fig. 5. Referring to Fig. 5, let 


A 


event the opponent is hit 


and 


td 
i 


event the combatant has selected a good aiming 
(pou ce 

Pine a hit 1S equivalent to a kill, the single-shot kill 
probability is defined as the probability that the combatant 
ma@emaecood aiming point and hits his opponent; i.e., P{AmB}. 
It is assumed that the probability that he does not have a 


good aiming point but hits his opponent anyway, P{AMB}, is 





U = faiiee Possible Outcomes } 


Compatann Nas a Combatant does not have 
good aim point. a good aim point. 


rae. 





oye 


Opoenems MS noes hit. 


in Copetone 


ment. 


Good aim point. 


Opponent is 
ielier 


ANB 


Possible Outcomes When a Combatant Fires 
a Single Round at an Opponent. 





Negligible, since, 


P {ARB} 
P{A|B} 25 G7 ae 
imetollows that, 
P{AM Bh= P{A|B} P{B} = single-shot kill probability. 


Thus, single-shot kill probability may be computed as the 
probability that a combatant hits what he is shooting at, given 
he is shooting at the right thing, multiplied by the probability 
Miaeene is Shooting at the right thing. The probability that 
he hits what he is shooting at given he is shooting at the right 
thing may be called Target Probability, P{A|B}, and is a function 
of target size, range and firing position. The probability that 
Pemeeeesnooting at the right thing may be called aiming point 


Paaeabtiity, P{B}, and is a function of range and size of the 


Meeesing force. 


AIMING POINT PROBABILITY 

Aiming point probability is the probability that the conm- 
Peete NaS chosen a good aiming point. It is reasonable to 
Seeeect this probability to vary inversely with range and 
Gueeeetly With the size of the opposing force. It is assumed 
Pimeeede target area 1s a rectangular area within which a com- 
Sieame KNOWS his opponent is located. Then target angle may 
Memaerined as that angle subtended by the front sight of a 
rifle as it 1s swung along the diagonal of the target area 


Memeemetne rear sight held stationary). Since target angle 


Weweees inversely with range and directly with opposing force 





Peer oiiene Polls Probability can be defined as follows: 


Aiming point probability = eur 


atotime 


where 


tareet angle at time t, 


fl 


G(t) Pemear cet vanplew< Zz 


Peeeean CC mame Le > Z 


— 


The actual computation of aiming point probability was not 
meerrcult. The target area used for a four-man defensive 


peeeeion fiad dimensions of 20 meters by 2-5 meters. «This was 





inant: eeeeeeane See a ES 
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taken from the ground combat confrontation model/(G C eo) We 

Mmemyaliue Of Zz used for the attackers' aiming mone jr obab acy 

roel 7°. This value was chosen so that the aiming point proba- 
~~ 

bility for an attacker.150 meters away from a four-man defensive 

position would be approximately 0.5, Prioice emyet. Chosen 

Meee which had intuitive appeal. Table VI contains the 

Bomeweners' aiming point probabilities against a four-man 

defensive position. Table VII contains the target area di- 

Memsaons Of a twelve-man attacking force. These were the 

Meee areas used to compute the defenders' aiming point 

Mmeomability and were proportional adjustments of the dimen- 

Piomeeused in the GCC mode1. '7! The value of z used when —_ 

Sememcing aiming point probabilities for the defenders was! 22°, 

iimemvaluc was chosen so that the aiming point probability 

for the defenders against a twelve-man attacking squad 200 

meters away would be approximately 0.5. Table VIII contains 


a et 


the aiming point probabilities for the defenders. 
cle tne dere! 
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ABE, VI 


ATTACKERS! AIMING POINT PROBABILITIES AGAINST 
A FOUR-MAN DEFENSIVE POSITION 


Range 


250 


meters 


mecers 


Mme ECTS 


mecers 


mecers 


Target aameele 
4.8456° 
6.0549° 
8.0675° 

enone 


De RON 


AG es ey ial 


Aim Point 


ProveDe lity 
0.2850 _ 


0. S502 
0.4746 
Ue ae 


LO 


PAnGET AREA DIMENSIONS FOR A TWELVE- 
MAN ATTACKING FORCE 


Emtire Squad (Not 
Rushing) 


One Rush Team 
(Rushing) 


One Rush Team (Not 
(Rushing) 


Two Rush Teams (Not 
(Rushing) 


Tense Area Dimensions 


Three 4-Man Teams 


35 x 5.25 meters 


2x7 4.54 Meters 


12 x 5.25 meters 


Zope Ss. 25 MELeTs 
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Two 6-Man Teams 


35 x 5.25 meters 
18 x 7.34 meters 


Loom Seczoemeters 





ADEE Vill 


DEEPEN DERS SAI MING POINT PROBABILITIES 
RGAtisl ASIWELVE-MAN ATTACKING FORCE 


(meters) Aim Point, Three Probability .\ lwo 
Range Four-Man Teams 591x-Man Teams 
Entire Squad 250 OL, GOO 0 4005 
(Not Rushing) 200 O SOE Ors Sy 
LS AIG OD 5 O56 55 
100 0.9925 OR oS2 5 
50 ea, ede) 
One Rush Team 250 Ue S54 O27 
(Rushing) 200 0.1995 V2 2 
Le 02556 ie o7 0s 
100 0.3980 Ces 5572 
50 Oe 7922 a0 
One Rush Team Sat 0.1484 OAs 
(Not Rushing) 200 tes 55 022684 
150 Reet 75 Os 55/ 6 
100 O07 7 Ores oO 
50 Geo lige 
Two Rush Teams 20 U2 SS 
(Not Rushing) 200 De Saree 
ese Oe ook 
100 0.6927 
50 dhs (0: 





eo i 


maRGEL PROBABILITY 

Mm genom EncCeLareeeeprobabilities, a set of single-shot 
mie probabilities or obtained from the infantry weapons 
branch of the Army Materiel Systems Analysis Agency (AMSAA) 
in Aberdeen, Maryland. These probabilities were for a soldier 
memayverace marksmanship ability firing in M16 rifle from the 
pPaeme position. 

Mimoestuay On human error and firing positions, Arima 
moma mo dittference in marksmanship error between the prone 
miemsupported foxhole sastviong, 27! Pins ene SAN probabilities. 
Pame@airicd, were uséd for the defenders' target probabilities. 
Mupmeceetackers, however, are expected to use the standing or 
meetin DOSIition 65-80 percent of the time, [©] Arima estimated 
Beeeepercent error increase from the prone to the kneeling 
Meeeeeton and a 60 percent increase from the prone to the 
standing position. /°! iirc atucackens tarcet probabilities, 
the AMSAA probabilities with a 42 percent error increase were 


fers lable [X contains the target probabilities. 


Peevebe-oHOT KILL PROBABILITY VALUES 

[aerese«, Al and XIif contain the single-shot kill probabilities 
used inthe computer simulations. Linear interpolation was used 
memeotain Kill probabilities for those ranges not given in the 


tables. 
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TAB rE 1X 


TARGET PROBABILITIES 


hawees Probability 


Range Defender Aer Cac ker 
250 meters Ce S70) OFs0'6 
200 meters 0.508 O2S0L 
150 meters 0.616 Qea55 
100 meters Or OSe7 G45 5 
50 meters ORear ons 0.666 
TABLE X 
Sigh: stm eleL sPROBABELYTIES 
(ATTACKERS AGAINST FOUR DEFENDERS) 
Single-Shot Expected Number 
Range iio pO d bala ty eg Sine ies (eo) 
250 meters D205 55.5 
200 meters EO: oes 
150 meters Oe ave aie 
100 meters 02545 2.9 
50 meters Joa Oo eto 
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Entire Squad 
(Not Rushing) 


One Rush Team 


(Rushing) 


One Rush Team 
(Not Rushing) 


Two Rush Teams 
(Not Rushing) 


TABLE XI 


(meters) 


Range 


50 
200 
150 
BELONG 

a 


250 
200 
IS 
100 

20 


Zou 
200 
ia 
100 

30 


250 
200 
is 0 
100 

50 
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S lnk Se Selene 
Cee re ropapility 


Go Ga as cs Cee SS ee EE ea > a a Ee Se 


a saw WES 8 a iy Faw 


SNGheeodom Rib PROBABILITIES 
(DEFENDERS AGAINST THREE FOUR-MAN TEAMS) 


.1482 
qs 
4094 
Soo 2 
AV foley) 


Sse 0. 
ea Z 
a Sie 
fie O15 
. 6060 


.0549 
.0942 
niles CAS) 
e250 
.5647 


wes GY 
.1764 
20) a 
.4412 
» 1 50, 


Expected Number 


ee Sie eS ae 


Aas 7 
1eOR 


icSe 
re 


j-— 


mo FS DD 
i DW FF CO ™ 


i 
io ON. ON le G25" Ft Cc 


mM GA wm WO 


[I 


Gia wm MN ™ OO 


Ua 
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(DANE) Le) Gall 


SINGLE-SHOT KILL PROBABILITIES 
(DEFENDERS AGAINST TWO SIX-MAN TEAMS) 


(Meters) Single-Shot Expected Number 

Range Mweeemooabpility of Spots to Kill 
Entire Squad 250 Oreo 2 Ore 
(Not Rushing) 200 Oh, 29h 4.0 
50 0.4094 De) 
100 OS 22 Lois. 
50 027650 ie 
One Rush Team 250 0 2 lez ail. 
feaushing) 200 0 5 7 mel 
Iso eae a al 
FOO 0 57 ZS 
50 0 0 jee 
One Rush Team Za Od OSES BE: 
(Not Rushing) 200 0 Lees RAs 
150 ee 0S uy es 
100 Oia 12 2.9 
50 Ol Fie 0 Les 


46 





REE NCES 


U.S. Marine Corps FMFM6-5, The Marine Rifle Squad, 
monvec 1974, 


Christy, D. E., A Lanchester Based Model for Analyzin 
Infantry Fire and Maneuver Tactics, Master's Thesis, 
Naval Postgraduate School, 1969. 


Brackney, Howard, "The Dynamics of Military Combat," 


Merations Research, Vol. 7, Jan-Feb 1959. 


Uso. Marine Corps PMFM 6-4, The Marine Rifle Company/Platoon, 
eepril 1974, 


U.S. Army Combat Developments Experimentation Command, 
meee G>-4, small Arms Weapons Systems Field Experiment, 
10 May 1966. 


Intrec, Inc, The Evaluation of Small Arms Effectiveness 


@eeiectia, Vol. 1, santa Monica, May 1965. 


/U.S. Naval Weapons Laboratory, NWL Technical Report TR-2156, 


Wiemeire-Frignt Assessment in the Ground Combat Confrontation 


Meoael, 1/7 Apr 1978. 


melas k., Firing Modes and Human Error in Rifle Fire, 


armel, California, Sep 1974. 





Pi eo tkRi Bui iON List 


No. Copies 


Defense Documentation Center 2 
Cameron Station 
Bitexandria, Virginia 22314 


ieorary, Code 0142 2 
Naval Postgraduate School 
Monterey, California 93940 


Beeenessor G. F. Lindsay, Code 55Ls 1 
Mepactment of Operations Analysis 

Naval Postgraduate School 

Monterey, California 93940 


Meeecolone! R. €. Miller, USA 55Mu if 
Department of Operations Research 

Naval Postgraduate School 

Memeerey, California 93940 


Saotain B. Lyon, USMC 1 
Systems Analvsis Branch 

008A, DEV CTR, MCDEC 

Peantico, Virginia 22134 


James Carson Breckinridge Library i 
MEDEC 
@wanctico, Virginia 22134 


(J 


Baptain C. D. Stephens, USMC 
feos Linda Drive 
Oceanside, California 92054 


48 








Thesis 


| $691.95 
ei 





Stephens 1 3 | 680 


An analytic approach 
to determining rush 
distance for an infan- 
try squad in the fron- 
tal attack, 


thesS69195 
analytic approach to determining rush 


DUDLEY KNOX LIBRARY 





